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(54) Wafer processing apparatus, wafer processing method, and semiconductor substrate 
fabrication method 



(57) An ultrasonic bath (30) is arranged below a 
wafer processing bath (10). Wafers (40) are processed 
while ultrasonic waves are transmitted from th6 ultra- 
sonic bath (30) to the wafer processing bath (10). The 



wafers (40) are processed while being entirely dipped 
into the wafer processing bath (10) and rotated by wafer 
rotating rods (53). 



FIG. 1 
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Description 

BACKGROUND OF THE INVErvTriON 
FIELD OF THE INVENTION 

The present invention relates to a wafer processing 
apparatus, a wafer processing method, and a semicon- 
ductor substrate fabrication method and. more particu- 
larly, to a wafer processing apparatus for processing a 
wafer by dipping it into a processing solution, a wafer 
processing method, and a semiconductor substrate fab- 
. rication method. 

DESCRIPTION OF THE RELATED ART 

Cleaning processing is a typical example of wafer 
processing. One subject of wafer cleaning is to increase 
the speed. Japanese Patent Laid-Open No. 8-293478 
has disclosed a wafer cleaning method capable of 
increasing the cleaning efficiency by supplying ultra- 
sonic waves while rotating a wafer, and an apparatus for 
practicing this method. 

The wafer deaning method disclosed in Japanese 
Patent LakJ-Open No. 8-293478 is based on the recog- 
nition that a wafer Is most efficiently cleaned at the inter- 
face between a cleaning solution and ambient 
atmosphere. In the wafer cleaning method, therefore, 
partides inevitably attach to a wafer at the interface 
between the deaning solution and ambient atmos- 
phere. 

In the wafer deaning apparatus disdosed in Japa- 
nese Patent LaidOpen No. 8-293478, a cam mecha- 
nism for rotating a wafer is arranged immediately below 
the wafer, so a rotating force is not effidently transmitted 
to the wafer. In the wafer cleaning apparatus, the trans- 
mission of uttrasonic waves is interrupted because the 
cam mechanism is laid out to completely shield the 
wafer from below. As a result the strength of ultrasonic 
waves differs between the center and peripheral portion 
of the wafer, and the wafer cannot be uniformly proc- 
essed. This nonunifomirty cannot be improved by rota- 
tion of the wafer. 



SUMI^RY OF THE INVEt^lON 

It is an object of the present invention to prevent 
contan^nation of a wafer by partides in various wafer 
processes induding deaning and etching. 

It is another object of the present invention to make 
wafer processing uniform. 

A wafer processing apparatus according to the 
present invention is a wafer processing apparatus for 
processing a wafer by dipping the wafer into a process- 
ing solution, characterized by comprising a processing 
bath having a depth that allows to completely dip the 
wafer into the processing solution, waf r rotating means 
for rotating on or a plurafity of wafers h Id by a wafer 



holder by using a wafer rotating member which rotates 
about a shaft shifted from a portion immediately below a 
barycenter of the one or plurality of wafers, and ultra- 
sonic generating means for generating ultrasonic -waves 
5 in the processing tath. 

In the wafer processing apparatus, only the wafer 
rotating member is preferably arranged as a member for 

transmitting a rotating force to the wafer below the one 
- or plurality of wafers held by the wafer holder. 
70 In the wafer processing apparatus, the wafer rotat- 
ing member pr'eferably comprises at least one rod mem- 
ber substantially parallel to the shaft, and tiie rod 
member preferably rotates about the shaft. 

In the wafer processing apparatus, the rod member 
IS preferably has a diameter much smaller than adiameter 
of a cylinder virtually formed upon rotation of the rod 
member about the shaft 

In the wafer processing apparatus, the rod member 
preferably has a groove which engages witti a periph- 
20 era! portion of the wafer. 

In the wafer processing apparatus, a section of the 
rod member taken along the shaft preferably has a sub- 
stantially sine-wave shape. 

In the wafer processing apparatus, a section of the 
25 rod member taken along the Shaft preferably has a sub- 
stantially full-wave rectifying shape- 
In the wafer processing apparatus, the wafer rotat- 
ing means preferably further comprises driving fbroe 
generating means arranged outside the processing 
30 bath, arxj driving force transmission means for transmit- 
ting a driving force generated by the driving force gener- 
ating means to the wafer rotating member and rotating 
the wafer rotating member. 

The wafer processing apparatus preferably firther 
35 comprises a dividing member for dividing an interior of 
the processing bath into a processing wafer side and a 
side of the driving force transmission means. 

In the wafer processing apparatus, the driving force 
transmission means preferably transmits the driving 
40 force gen«ated by the driving force generating means 
through a crank mechanism. 

In the wafer processing apparatus, the processing 
bath preferably comprises a drcuiating mechanism hav- 
ing an overflow t>ath. 
45 In the wafer processing apparatus, the drcuiating 
mechanism preferably comprises contamination reduc- 
ing means for redudng contamination of the wafer by 
partides. 

In the wafer processing apparatis, the contamina- 
50 tion redudng means preferably com;yises a filter. 

In the wafer procesang apparatus, the contamina- 
tion redudng means preferably comprises means for 
adjusting flow of the processing solution in the process- 
ing bath. 

55 In the wafer processing apparatus, the uttrasonic 
generating means preferably comprises an ultrasonic 
bath and an ultrasonic source, and th processing bath 
preferably receives ultrasonic waves through an ultra- 
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sonic transmitting medium sat in the ultrasonic bath. 

The wafer processing apparatus preferably further 
coiTprises driving mearts for changing a relative posi- 
tionai relationship between the .uttrascnic source and a 
wafer to be processed. 

In the wafer processing apparatus, the driving 
means preferably moves the ultrasonic source within 
the ultrasonic bath. 

In the wafer processing apparatiis. at least portions 
of constituent members of the processing bath and the 
wafer rotating means which may come into contact with 
the processing solution are preferably made of one 
material selected from the group consisting of quartz 
and plastic. 

In the wafer processing apparatis, at least portions 
of constituent members of the processing bath and the 
wafer rotating means which may ccme into contact with 
the processing solution are preferably made of one 
material seiected from the group consisting of a fluorine 
resin, vinyl chloride, polyethylene, polypropylene, poly- 
butyieneterephthaJate (PBT), and polyetheretherketone 
(PEEK). 

A wafer processing method according to the 
present invention Is a wafer processing method of 
processing a wafer while ultrasonic waves are supplied, 
characterized by comprising processing the wafer while 
ntirely dipping the wafer irrto a processing solution and 
rotating the wafer. 

A wafer processing method according to the 
present invention Is a wafer processing method of 
processing a wafer while ultrasonic waves are supplied, 
characterized by comprising processing the wafer while 
entirely dipping the wafer into a processing solution, 
and rotating arxl vertically nrxaving the wafer. 

A wafer processing method according to the 
present invention is a wafer processing method of 
processing a wafer while ultrasonic waves are supplied, 
characterized by comprising processing the wafer while 
entirely dipping the wafer into a processing solution and 
changing a position of an ultrasonic source. 

The wafer processing method according to the 
present invention is characterized in that the wafer is 
deaned using a wafer cleaning solution as the process- 
ing solution. 

The wafer processing method is suitable for a 
method of etching the wafer using a wafer etching solu- 
tion as the processing solution. 

The wafer processing method is suitable for a 
method of etching a porous silicon layer of a wafer hav- 
ing the porous silicon layer using.a porous silicon etch- 
ing solution as the processing solution. 

The wafer processing method is suitatjle for a 
method of etching a porous silicon layer of a wafer hav- 
ing the porous silicon layer using, as the processing 
solution, any one of 

(a) hydrofluoric acxl, 

(b) solution mixture prepared by adding at least one 



of alcohol and hydrogen peroxide to hydrofluoric 
add. 

(c) buffered hydrofluoric acid, 

(d) solution mixture prepared by adding at least one 
) of alcohol and hydrogen peroxide to buffered 

hydrofluoric add. and 

(e) solution mixture of hydrdlucric add. nitric acid, 
and acetic acid. 

10 A semiconductor substrate fabrication method 
according to the present invention is characterized by 
comprising the step of fonming a non porous layer on a 
porous layer formed on a surface of a first substrate, the 
step cf bonding a first substrate side cf a prcspective 
75 structure and a second substrate prepared separately 
to sarKlwich the non porous layer t^etween the first sub- 
strate side and the second sut^strate. the removal step 
of removing the first substrate from the bonded stnjc- 
ture to expose the porous layer on a secorxl substrate 
20 side thereof, and the etching step of etching the porous 
layer while the secorid sut>strate side on which the 
porous layer is exposed is completely dipped into an 
etching solution, and ultrasonic waves are supplied, 
thereby esqx^sing surface of the second substrate side. 
25 the etching step rotating the second substrate side. 

A semiconductor substrate fabrication method 
according to the presertt invention is characterized by 
comprising the step of forming a non porous layer on a 
porous layer formed on a surface of a first sutastrate. the 
30 step of bonding a first substrate side of a prospective 
structure and a second sufcjstrate prepared separately 
to sandwich the non porous layer between the first sub- 
strate side arxj the second substrate, the removal step 
of removing the first substrate from the bonded struc- 
35 ture to expose the porous layer on a second substrate 
side thereof, and the etctnng step of etching the porous 
layer while the second s uU>Ud te side on which the 
porous layer is exposed is completely dipped into an 
etching solution, arxj ultrasonic waves are supplied. 
40 thereby e;qx)sing surface of the second sutsstrate side, 
the etching step rotating and vertically moving the sec- 
ond substrate side. 

A semiconductor substrate fabrication method 
according to the present invention is characterized by 
45 comprising the step of forming a non porous layer on a 
porous layer formed on a surface of a first substrate, the 
st^ of bonding a first substrate side of a prospective 
structure and a second substrate prepared separately 
to sandwich the non porous layer between the first sub- 
50 strata side and the second sut^strate, the removal step 
of renxjving the first substrate from the bonded struc- 
ture to expose the porous fayer on a second suisstrate 
side thereof, and the etching st^ of etching the porous 
layer while the second substrate side on which the 
55 porous lay r is exposed is completely dipped into an 
etching solution, and ultrasonic waves are supplied, 
thereby exposing surface of the second substrate side, 
the etching step changing a position of an ultrasonic 
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bath. 

The etching solution used in the etching step is 
preferably any one cf 

(a) hydrofluoric add, ^ 

(b) solution mixture prepared by adding at least one 
of alcohol and hydrogen peroxide to hydrofiucric 
acid. 

(c) buffered hydrofluoric acid. 

(d) solution mixlure prepared by adding at least one to 
of alcohol and hydrogen peroxide to buffered 
hydrofluoric add, and 

(e) solution mixture cf hydrofluoric add. nitric add. 
and acetic add. 

J5 

The removal step preferably comprises exposing 
the porous layer by grinding, polishing, or etching the 
first substrate from a back surface. 

The removal step preferably comprises separating 
the first substrate side and the second substrate side at 20 

a boundary of the porous layer. 

The non porous layer is preferably a single^rystal 
silicon layer. 

The non porous layer is preferably made up of a sin- 
gle-crystal silicon layer and a silicon oxide layer formed 2S 
on the single-crystal silicon layer. 

The non porous layer is preferably a compound 
semiconductor layer. 

The second substrate is preferably a silicon sub- 

30 

Strata 

The second substrate is preferably a silicon sut>- 
strate having a silicon oxide film formed on a surface to 
be bonded to the first substrate sida 

The second substrate is preferably a light-transmit- 
ting substrate. 

Further objects, features and advantages of the 
present invention will become apparent from the follow- 
ing detailed description of embodiments of the present 
invention with reference to the accompanying drawings. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a perspective view showing the schematic 
construction of a wafer proces^g apparatus 
according to the first embodiment of the present 45 
invention; 

Rg. 2 is a sectional view of the wafer processing 
apparatus shown in Rg. 1 : 
Rg. 3 is a pffspective view showing an example of 
the construction of a wafer rotating member; so 
Rgs. 4A and 4B are views, respectively, showing 
the movement of a wafer when the wafer rotating 
member is rotated in a ftfting direction; 
Rgs. 5A and SB are views, respectively, showing 
the movement of a wafer having an orientation flat; 55 



Rgs. 7A and 78 are sectional views, respectively, 
showing still another example of the construction cf 
the wafer rotating rod; 

Rgs. 8A to BC are views each shewing an example 
of the shape of the section of the wafer rotating rod; 
Rg 9 is a view showing a mechanism for transmit- 
ting a driving torque generated by a motor to the 
rotating shaft of the wafer rotating member; and 
Rgs. IDA to 10F are views, respectively, showing 
the method of fabricating a semiconductor wafer. 

DETAILED DESCRIPTION OF THE PREFERRED 
EWBODIMEi^rrS 

Preferred embodiments of the present invention will 
be described in detail below with reference to the 
acconpanying drawings. 



Rgs. 6A and 6B are sectional views, respectively, 
showing another axampi of the construction of a 
wafer rotating rod; 



[Rrst Embodiment] 

Rg. 1 is a perspective view showing the schematic 
construction of a vrafer processing apparatus according 
to the f irst embodiment of the present invention. Rg. 2 is 
a sectional view of the wafer processing apparatus 

shown in Rg.1. 

In a wafer processing apparatus 100 according to 
this embodiment, portons vrfiich nr«y come into contact 
with a processing solution are preferably made from 
quartz or plastic In accordance with the intended use. 
Preferable exanples of the plastic are a fluorine resin, 
vinyl chloride, polyethylene, polypropylene, polybuty- 
leneterephthaiate (PBT), and poiyetheretherketone 
(PEEK). Preferable examples of the fluorine resm are 
PVDF, PFA, arti PTFE 

This wafer processing apparatus 100 has a wafer 
processing bath 10. an overflow bath 20. an ultrasonic 
bath 30. and a wafer rotating mechanism (52 to 59) for 
rotating wafers 40. ^ w..^- 

To process wafers, the waf©- processing bath 10 is 
taied with a processing solution {ag.. an etching solu- 
tion or a cleaning solution). The overflow bath 20 for 
tenporarily storing any processing solution overflowing 
from the wafer processing bath 10 is provided around 
the upper portion of the wafer processing bath 10. The 
processing solution temporarily stored in the overflow 
bath 20 is discharged from the bottom portion of the 
overflow bath 20 to a circulator 21 through a discharge 
pipe 21a. The circulator 21 removes particles by filtering 
the discharged processing solution and sillies the 
processing solution to the bottom portion of the wafer 
processing bath 10 through a supply pipe 21b. Conse- 
quentiy. particles in the wafer processing bath 10 are 
effidentiy removed. ^ 

The wafer processing bath 1 0 must have a depth by 
which the wafers 40 are completely dipped This pre- 
vents particles from attaching to the wafers 40 at the 
interface between th processing solution and ambient 
atmosphere, and makes processing for the wafers 40 
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unrform. 

When wafers are processed by conpleteiy dipping 
them into the processing solution, and particles attach 
to the walers in the processing solution, the particles 
easily return into tiie processing solution. However, rf 
only parts of wafers are dipped into the processing solu- 
tion, particles attaching to the wafers at the interface 
between the processing solution and ambient atmos- 
phere are hardly removed from the wafers, and exposed 
to ambient atmosphere while attaching to the wafers. 
Particles thus attaching to wafers are scarcely removed 
from the wafers even by dipping the attached portions of 
the wafers into the processing solution again. Particu- 
larly, when the wafer surface is hydrophobic (e.g., a sili- 
con wafer not having any silicon odde film), particles 
completely attach to the wafer surface and become 
more difficult to remove because the wafer surface is 
exposed to a dry atmosphere. 

The ultrasonic bath 30 is arranged below the wafer 
processing bath 10. An ultrasonic source 31 is sup- 
ported by an adjusting mechanism 32 inside the ultra- 
sonic bath 30. This adjusting mechanism 32 includes a 
mechanism for adjusting tiie vertical position of the 
ultrasonic source 31 and a mechanism for adjusting the 
horizontal position of the ultrasonic source 31 . as mech- 
anisrro for adjusting the relative positional relationship 
between the ultrasonic source 31 ar^d the wafer 
processing bath 10 (wafers 40). By this mechanism, 
ultrasonic waves to be supplied to the wafer processing 
bath 1 0. more specifically, to the wafers 40 can be opti- 
mized. The ultrasonic source 31 preferably has a func- 
tion of adjusting the frequency or strength of ultrasonic 
'vvaves to be generated. This further optinrtizes the sup- 
ply of ultrasonic waves. 

Since the apparatts thus has the mechanism for 
optimizing the supply of ultrasonic waves to the wafers 
40. various types of wafers can be processed. Swinging 
the ultrasonic source 31 by the adjusting mechanism 32 
while the wafers 40 are processed can make processing 
for the wafers 40 uniform. Changing the frequency of 
ultrasonic waves while the wafers 40 are processed can 
also make processing for the wafers 40 unrform. 

The ultrasonic bath 30 is filled with an ultrasonic 
transmitting medium (ag„ water), and this ultrasonic 
transmitting medium transmits ultrasonic waves to the 
wafer processing bath 10. 

The wafers 40 are held to be nearly perpendicular 
to the bottom surface of the wafer processing bath 1 0 by 
a wafer holder 41. The wafer hoUer 41 is detachable 
from the wafer processing bath 10. The wafer holder 41 
is suitably a carrier cassette generally used. The wafer 
holder 41 is set at a predetennined position by position- 
ing members 42 fixed to the bottom surface of the wafer 
processing bath 10. 

A wafer rotating member 50 for rotating the wafers 
40 while vertically moving them is arranged below the 
wafers 40. Rg. 3 is a perspective view showing an 
example of the construction of the wafer rotating mem- 



ber 50. 

In the wafer rotating merrber 50. two wafer rotating 
rods 53 arranged substantially parallel to each other are 
coupled through connecting rods 54. and a rotating 
5 shaft 52 is coupled to almost ti^e center of one connect- 
ing rod 54. The wafer rotating member 50 is pivotally 
supported at the rotating shaft 52 by a shaft support 
portion 11. Note that another rotating shaft may be 
arranged on the side opposite to the rotating shaft 52. 
TO The diameter of the wafer rotating rod 53 is set 
much smaller than the diameter of a cylinder virtually 
fornied upon rotation of tiie wafer rotating rods 53. With 
tiiis setting, the transmission efficiency of a rotating 
tongue and ultrasonic waves to the wafers 40 can be 
IS inaeased. 

Standing waves, i.e.. high- and low-strength por- 
tions of ultrasonic waves are usually formed between 
ttie bottom surface of the wafer processing bath 10 and 
the fiquid surface. In this wafer processing apparatus 
20 100, however, processing for the wafers 40 can be 
made uniform because the wafers 40 are rotated while 
being vertically moved by rotation of the wafer rotating 
member 50. 

Since the wafer rotating nDember 50 has the mini- 
ms mum member which interrupts the transmission of ultra- 
sonic waves between the bottom surface of the wafer 
processing bath 10 and the wafers 40, the transmission 
efficiency of ultrasonic waves to the wafers 40 can be 
greatly inaeased. The wafer rotating member 50 also 
30 has a function of agitating the processing solution. This 
agitation also makes processing for the wafers 40 uni- 
form. 

The wafer rotating rod 53 preferably has a shape 
that allows an increase in frictional force when it comes 
35 into contact with the wafers 40, in order to prevent the 
wafers 40 and the wafer rotating rod 53 from sUpping 
upon applying ultrasonic waves. 

Figs. 6A and 6B are sectional views, respectively, 
showing another example of the construction of the 
40 wafer rotating rod 53. The wafer rotating rod 53 has 
many V-shaped grooves 53a in a saw form which 
engage with the wafers 40. By forming the surtace of the 
wafer rotating rod 53 into such a shape as to pinch the 
wafers 40. a slip between the wafers 40 and the wafer 
45 rotating rod 53 can be suppressed upon applying ultra- 
sonic waves. 

Rgs. 7A and 78 are sectional views, respectively, 
showing still another example of the construction of the 
wafer rtstating rod 53. The section of this wafer rotating 
50 rod 53 has asine-wave shape. The wafer rotating rod 53 
can come into substantially surface contact with the 
peripheral portions of the wafers 40. and can pinch the 
wafers 40. Therefore, a slip between the wafers 40 and 
the wafer rotating rod 53 is nwre effectively suppressed 
55 upon applying ultrasonic waves. 

Further, since this wafer rotating rod 53 does not 
have any acute-angled portion, unlike th wafer rotating 
rod 53 shown in Rgs. 6A and 68, particles produced 
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uoon contact with the waters 40 can be reduced. TOs 
effect can also be achie/ed by iorming grooves o3c with 
a tull-wave rectifying shape. 

Figs 8A, 8B, and 8C are vie*s each showing an 
exaxrple of the shape of the section of the wafer rotating 
rod 53. The section of the wafer rotating rod 53 can 
have various shapes. For exanple. its section may have 
a cireular shape as shown in F.g. 8A. an elBphc ^ape 
=s shcvm in Fig. SB, or a shape as shown in Fig. SC. 
The rotating shaft 52 of the wafer rotating mennber 

=0 is preferably shifted from a. position immediately 
below the barycenter of the wafers 40 toward the srie 
wall of the wafer holder 41 (x-axis direction) 

AJthcugh the rotational direction of the wafer rotat-. 
ing rods 53 is not particularly limited. H is PreferaWy a 
direction to Irft the wafers 40 by the wafer rotatng rod 53 
doserto a position immedately below the barycenter of 
the wafers 40 (to be referred to as the lifting d^ectran 
her matter), as shown in Fig. 2. This is because, ^the 
wafer rotating rods 53 are rotated in the Itftng direction 
aforce acts on the wafers 40 substantially vertically, and 
h nee friction between the wafers 40 and the s«le wall 
of the wafer holder 41 becomes small. 

Figs 4A and 4B are views, respectively, showing 
the movemerrt of the wafer 40 upon rotating the wafer 
rotating member 50 in the IHting direction. A directionA 
shows the lifting direction, and a direction B shows the 
rotational direction of the water 40. The wafer 40 rotates 
in the direction B from the state in Rg. 4A while being 
substantially vertically lifted by the wafer rotating rod 53 
on a side immediately below the barycenter of the wjer 
40 The wafer 40 passes through the state shown in F^g. 
4B. ard returns to the state shwn in Fig. 4A si^t the 
wafer rotating rods 53 rotate through 180«. Accordingly, 
the wafer 40 rotates while swinging vertically. 

Since the wafer rotating member 50 rotates so asXo 
virtually form a cylinder by the two wafer rotatng rods 
53 it can properly transmit a rotating force to even a 
w^er having an orientation flat Rgs. 5A and 5Bare 
views, respectively, showing the movement of a wafer 
40 having an orientation flat. 

Not to internjptthe transrrBSsion of ultrasonic waves 
while the wafer 40 is effidenfly rotated and vertically 
moved, the number of wafer rotating rods 53 is prefera- 
bly two. as described abova However, the number of 

wafer rotating rods 53 may be one. Also in the case^ the 
wafer 40 can be rotated and vertically moved. As tar as 

the interruption of the transmission of ultrasonic waves 
can be allowed, the number of vrafer rotating rods 53 
may be three or more (for example, they are cylindncally 

laid out). , ^ ., 

Rg. 9 is a view showing a mechanism for transmit- 
ting a driving torque generated by a motor 5S to ttie 
rotating shaft 52 of the vrafer rotating member 50. Tne 
driving torque generated by the motor 59 is transmitted 
to a crank 55 via a crank 53 and connecting rcsds oT. 
One end of the crank 55 is coupled to the rotating shaft 
52soastofitthereon.whereasthe other end ispivotaBy 



supported by a bearing 58. The rotating shaft 52 is piy- 
otTlly supported by a bearing Portion 1 1 a formed m ttie 
shaft support portion 11. and rotates upon recepton of 
the driving torque transmitted through the crank 55. 

The wafer rotating mechanism is not limited to the 
above construction, and suffices only to rotate Ihe rotet- 
ing shaft 52. For example, a bevel gear, a belt, or the like 
can replace the crank mechanism in order to transmrt a 
driving torque generated by the motor 5= to the rotating 

shaft 52. _ ^ ^, 

In this embodiment, the shaft support portion .1 
defines the wafer 40 side and the crank 55 side in oraer 
to prevent partides produced by friction between the 
crank 55 and the connecting rod 57 and friction between 
the crank 55 and the bearing 58 from flowing to the 

wafer 40 side. . , ^ « „„ 

To more completely prevent partides from llowing 
to the vraf er 40 side, the shaft support portion 1 1 is pref- 
erably extended to (or higher than) the upper end of the 
wafer processing batii 10 to divide the interior of the 
wafer processing bath 10 into two parts. 

However, partides produced on the crank 55 side 
may flow to the wafer 40 side through tine beanng por- 
tion 11 a. or partides may be produced at the beanng 
portion 11a. 

For this reason, the wafer processing apparatus 
100 drculates the processing solution upward from the 
bottom portion of the wafer processing bath 10 by 
arranging supply ports 21c for supplying tiie processing 
solution to tiie wafer processing bath 10. near the bot- 
tom portion of the wafer processing bath 1 0. Further, by 
arranging many supply ports 21c on the wafer 40 side, 
the wafer processing apparatus 100 adjusts the ftowing 
direction of the processing solution so as to prevent the 
processing solution on the crank 55 side from flowing to 
the wafer 40 side. Accordingly, contamination of the 
wafers 40 by particles produced on the aank 55 side 
can be reduced. 

The wafer processing apparatijs 100 can also 
employ another means for preventing contamination of 
the wafers 40 by partides. For example. H is suitable to 
atfiust the diameter of each supply port 21c. 
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[Second Ennbodimenq , 

The second embodiment will axempTify a wafer 
processing method adopting the wafer processing 
apparatus according to *e first embodiment and a 
semiconductor substrate fabrication method including 
this vyafer processing mettrod as part of the process. 

Rgs. 10A to 10F are viewirs. respectively, showing 
the method of fabricating a semiconductor wafer. 
Ftoughly speaWng, in this fabrication method, the first 
substrate is prepared by forming a porous siTicon layer 
on a single^systal sBicon sdbstrale. forming a non 
porous layer on the porous sincon layer, and preferably 
fomiing an insulating film on th non porous layer, Th 
first stmcture and a second substrate prepared sepa- 
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w ne to cardwich fre insulating V\\rr\ 
between ^^-^-^'^^^J^J^ck ^rfece d the first sub- 

a semiconductor substrate. 

strata 501 (Fig. 10A). m le^' " g, p 

is formed on the porous S. ^V^J^^OZ f .g^^^^^^ 
atleexa^rclesofthencnp^ou^^^^^^ 

usalU t>eav«. '^^''"f ^^subseQuem step. » 
wieh the SlOz layer 3u periorming anodic 

etching, or the liKe. . boundary d 

ing the nrst and second ^'^^^J' ^^^^^j. the first 
the porous layer ^^iZ^^^^^^Sl left on 



'^"^''^^'Tlt^ 5%"r^?ed.e.y etched and 

■^^.^ mn^e ^fer processing apparatus 

^'"^■SSfe?Ss^chi^. Since this waferprocess- 
100 is suitable for this etcning 

, -.ng apparatus ^u^^^, "^73^"^^ ^^^^fer shc^ in 
pleteiy dipping a wde^Cn th^«se^^^ ^^ ^ ^ 

ng. 10E) into an etching -fJ^T^^rte 
rotating or vertically moving) 
^.minatedbypar'.iclesar^^^ 
,0 According to th« wafer prM^ng aw^ seiectivrty 

ing time is ..t^ 5^3 aS^^porous teyer 

between thenonpo..^^^^^^^^^ 

-h'TlT^ITi^^^^ 

,5 ingselediv,ty.naeasesb^^^ 
20 general etching solution for Si. 
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(a) hydrdluoric acid 

add J. 

and acetic acid 



U.ng^eseet^ng«-^-^^^^^^^^ 
can be ^^^^ porous layer 

« porous layer ^3^2-^2 S «^«e Sing sdu- 
502 is readily ^«^tj,«^^ormous suriace area 
lions because porous a nas an « ^^^^ at a very 

40 Rg. IOE s^fr^rl „hova fabrication method. 

55 [Example 11 

™"-"^'LT«:^»r^s^'io 

Wafers were set in tne waier p 
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fnied with uJtTBpure water, and ultrasonic waves cf about 
MHz were applied to dean the wafers while the waters 
were rotated. By this cleaning, 90% or more of particles 
on the wafer surfaces were removed. Also, this removal 
partides was done uniformly on the wafer surface. 5 

[E;srrple 2] 

Tnis e:camcie concerns cleaning processing using - 
a solution mixture of ammonia, hydrogen peroxide, and to 
uitrapure water. Cleaning using this solution mixture is 
suited to partide removal from the surface of a silicon 
wafer. 

Silicon wafers were set in the ^Arafer processing bath 
10 filled with a solution mixture of ammonia, hydrogen is 
peroxida and uttrapure water at about SC^C. While the 
wafers were rotated, ultrasonic waves of about 1 MHz 
were applied to dean the wafers. By this deaning, 95% 
or more of partides were removed from the wafer sur- 
faces. Also, this removal of partides was done uniformly 20 
onth wafer surface. 



[Example 3] 

This example pertains to etching of a silicon layer. zs 

Silicon wafers were set In the wafer processing bath 
10 filled with a solution mixture prepared by mixing 
hydrofluoric add, nitric acid, and acetic add at a ratio of 
1 : 200 : 200. While the wafers were rotated, ultrasonic 
waves of about 0.5 MHz were applied to etch the wafer 30 
surfaces for 30 sec. Ck)nsequently, the silicon wafers 
were uniformly etched by about 1.0 pm. The unifcrmity 
of the etching rate was ±5% or less on the wafer surface 
and between the wafers. 

35 

(Exairple 4] 

This example relates to etching of an Si02 layer. 
Hydrofluoric add is surtable for the etching of an Si02 
layer. ^ 

Wafers on which an Si02 layer was formed were set 
in the wafer processino bath 10 fflled with 1.2% 
hydrofluoric add. While the wafers were rotated, ultra- 
sonic waves of about 0.5 MHz were applied to etch the 
Si02 layer for 30 sec Consequently, the Si02 layer was 
uniformly etched by about 4 nm. The uniformity of the 
etching rate was ±3% or less on the wafer surface and 
between the wafers. 

[Example SJ 

This example is about to etching of an Si3N4 layer. 
Hot concentrated phosphoric add is suitable for the 
etching of an Sish^ layer. 

Wafers on which an Si3N4 layer was formed were 55 
set in the wafer processing bath 10 filled with hot con- 
cantrated phosphoric add. While th wafers war Source gas 

rotated, ultrasonic waves of about 0.5 MHz were applied Gas flow rates 



to etch the Si3N4 layer. Consequently, the Si3N4 layer 
was uniformly etched by about 100 nm. The uniformity 
of the etching rate was ±3% or less on the wafer surface 
and tjetween the wafers. 

[Examples] 

This example exemplifies to etching of a porous sil- 
icon layer. A solution mixture cf hydrofluoric acid, hydro- 
gen peroxide, and uitrapure water is suitable for the 
etching of a porous silicon layer. 

Wafers having a porous silicon layer were set in the 
wafer processing bath 10 filled with a solution mixture of 
hydrdlucric add, hydrogen peroxide, and uitrapure 
water. While the wafers were rotated, ultrasonic waves 
of about 0.25 MHz were appfied to etch the porous sili- 
con layer. Consequently, the porous silicon layer was 
uniformly etched by 5 pm. The uniformity of the etching 
rate was ±3% or less on the wafer surface and tjetween 
the wafers. 

Note that the mechanism of etching of porous sili- 
con is disdosed in K. Sakaguchi et ai., Jpn. J. Appl. 
Phys. Vol. 34. part 1 , Na 2B. 842-847 (1SS5). According 
to this reference, porous silicon is etched when an etch- 
ing solution penetrates into the pores of porous silicon 
by a capillary action arxl etches the wails cf the pores. 
As the walls of the pores become thinner, these walls 
cannot support themselves beyond some point Finally, 
the porous layer entirely collapses to complete the etch- 
ing. 

[Example 7] 

This example concerns an SOI wafer fabrication 
method. Figs. 1 0A to 1 0F are sectional views showing 
the steps of the SOI wafer fabrication method according 
to this example. 

Rrst a single-crystal Si substrate 501 for forniing a 
first sutsstrate was anodized in an HF solution to form a 
porous Si layer 502 {Rg. 10A). The anodization condi- 
tions were as follows. 



45 



Current density 
Anodizing sdution 
Time 

Porous Si thickness 



: 7 (mA/cm?) 

: HF : H2O : C^HgOH - 1 

:11 (min) 

:12aim) 



1 : 1 



so 



Subsequently, the resultant substrate was allowed 
to oxidize in an oxygen atmosphere at 4O0'C for 1 h. By 
this oxidation, the inner walls of pores of the porous Si 
layer 502 were covered with a thermal oxide film. 

A 0.30-tim thick single-crystal Si layer 503 was epi- 
taxially grown on the porous Si layer 502 by a CVD 
(Chemical Vapor Deposition) process (Fig. 108). The 
epitaxial growth conditions were as follows. 



: SiHsCW^ 
: 0.5/180 (l/min) 



15 



EP 0 860 860 A2 



.16 



Gas pressure 
Temperature 
Growth rate 



SO (Tonr) 
S50('C) 
0.3 {pnVmin) 



Next, a 200-nm thick Si02 layer 504 was formed on 
the single-crystal Si layer (epitaxial layer) 503 by ther- 
mal cxidaticn (Fg. IOC). 

The first substrate thus formed as shown in Rg. 
IOC and an Si substrate 505 as a second substrate 
were so bonded as to sandwich the Si02 layer 504 (Ftg. 
10D). 

The single-crystal Si substrate 501 was removed 
from the first substrate to expose the porous Si layer 
502(Fig. 10E). 

The wafers shown in Rg. 1 0E were set in the wafer 
processing bath 10 filled with a solution mixture of 
hydrofluoric add, hydrogen peroxide, and uttrapure 
water. While the wafers were rotated, ultrasonic waves 
of about 0.25 MHz were applied to etch the porousi Si 
layer 502 (Rg. 10F). The uniformity of the etching rate of 
the porous Si layer 502 was ±5% or less on the wafer 
surface and between the wafers. By applying ultrasonic 
waves while wafers are rotated as described above, it is 
possible to unrfomrriy promote the collapse (etching) of 
porous Si on the wafer surface and between the wafers. 

In the etctiing of the porous Si layer 502, the single- 
crystal Si layer (epitaxial layer) 503 functions as an 
etching stop layer. Therefore, the porous Si layer 502 is 
selectively etched on the errtire surface of the wafer. 

That is, the rate at which the single-crystal Si layer 
503 is etched by the etching solution described above is 
very low. so the etching selectivity of the porous Si layer 
502 to the single-crystal SI layer 503 is 10^ or more. 
Accordingly, the etching amount of the single-crystal Si 
layer 503 is about a few tens of A and practically negli- 
gible. 

Rg. 10F shows the SOI wafer obtained by the 
above steps. This SOI wafer has the 0.2-jim thick sin- 
gle-crystal SI layer 503 on the Si02 layer 504. The film 
thickness of this single-crystal Si layer 503 was meas- 
ured at one hundred poirrts over the entire surface and 
found to be 201 nm ± 4 nm. 

In this example, a heat treatment was further per- 
formed in a hydrogen atmosphere a1 1 1 00**C for about 1 
h. When the surface roughness of the resultant SOI 
wafers was evaluated with an atomic force microscope 
(AFM), the root-mean-square of the surface roughness 
in 8 square region of 5 ^m skie was about 0J2 nm. This 
quality is equivalent to that of comnmn Si wafers on the 
market 

Also, after the above heat treatment the cross-sec- 
tions of the SOI wafers were observed with a transmis- 
sion electron microscope As a consequence, no new 
crystal defects were produced in th single-crystal Si 
layer 503, indicating that high crystallinity was main- 
tained. 

It is possible to form an SiOo film on th single-crys- 
tal Si film (epitaxiai layer) 503 of the first subsance as 



70 



described above, on the surface of the second substrate 
505, or on both. In any of these cases, results similar to 
these described above were obtained. 

Furthermore, even when a light-transmitting wafer 
such as a quartz wafer was used as the second sub- 
strate, a high-quality SOI wafer could be formed by the 
above fabricat'on steps. However, the heat treatment in 
the hydrogen atmosphere was performed at a tempera- 
ture of 1 .000*0 or less in order to prevent slip in the sin- 
gle-crystal. Si layer 503 caused by the dfference 
between the thermal expansion coefficients of the 
quartz (second substrate) and the single-crystal Si layer 
503. 
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This example is directed to another SOI wafer fabri- 
cation method. Fabrication steps which can be 
expressed by drawings are the same as those shown in 
Rgs. 1 0A to 1 0F, so the method will be described below 
with reference to Rgs. 1 0A to 1 0F. 

Rrst a single-crystal Si substrate 501 for forming a 
first si43Strate was anodized in an HF solution to form a 
porous Si layer 502 (Rg. 10A). The anodization condi- 
tions were as follows. 
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Rrst stage: 

Current density 
Anodizing solution 

Porous Si thickness 

Second stage: 

Cun-ent density 
Anodizing solution 
Time 

Porous SI thickness 



7 (mA/cm^) 

HF : H2O : C2H5OH = 1:1:1 
5 (min) 
5.5 (|im) 



21 (mA/cm^j 

HF : H2O : C2H5OH « 1 : 1 : 1 
20 (sec) 
0,5 (nm) 
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Subsequently, the resultant substrate was allowed 
to oxidize in an oxygen atmosphere at 400*0 for 1 h. By 
this oxidation, the inner walls of pores of the porous Si 
layer 502 were covered with a thermal oxide fUm. 

A 0.1 5-um thick single-crystal Si layer 503 was epi- 
taxially grown on the porous SI layer 502 by a CVD 
(Chemical Vapor Deposition) process (Rg. 108). The 
epitaxiai growth conditions were as follows. 



so 



Source gas 
Gas flow rates 
Gas pressure 
Temperature 
Growth rate 



: SiHsOz/Hj 
: 0.5/180 (l/min) 
: 80 (Ton-) 
: 950 (*C) 
: 0.3 (^im/min) 
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Next, a 1 00-nm thick Si02 layer 504 was formed on 
the single-crystal Si layer (epitaxial layer) 503 by oxida- 
tion (Rg. 100). 
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T^e lirst substrate thus lormed as ^^^^'^^ 
10C and a second Si substrate 505 were so borvJed as 
to sandwich the SiOa layer 504 (Rg. 10D). • 

T^e bor^ded waters was separated '^^oj^^^oi 
1^01 the porous Si laya farrred at a current density of 

„-„r.MC <?i laver 503 to the surface of the secona suu- 
^^^505 S lOE). Examples of the method of sepa- 
S^c^eSe^-tersare'^ 

SI liiSes. 2) twisting the s^tes. 3) pr^un^ ' 

J^theSrates. 4) ^^^^'^T^^l^^r 
'^ites. 5) peenng the substrat^by ox^ng from ^^^^^ 

end faces. 6) using thermal ^.^.SU 
ottrascnic waves, and it .s possible to selectively use 

^^:^erh^inF.g.10Eweresetinthe^er 
procl^ng bath ^0 fHled wtth a solution ->J^^^^ 
hydrofluoric add. hydrogen P^^wJ^' "^"^^ 
water While the wafers were rotated, ultrasonic 
rioutO-aS MHz were applied to etch the porous a 
;r5?2(r,g.10n.TheunHonnrtyof«.eetch.ngra^^^ 

rr^^^^ren^e^^^err^^^^^^ 

SSs si on the water surface and between the waf 

"n thl^ ching of the porous Si layer 502. *e s^gle- 
crystal Si layer (epitaxial layer) 503 ^^^^^ 
eSng stop ^yer. Therefore, the ^^7^^ 
selectively etched on the entire *1^1,er 
That's, the rate at which J^^S^i^ts 
503 is etchedby the etching so'^rt'*'" ^^^,^7^2 
very low. so the etching selectivity ^J^'^.^'^^f^l 
=02 to the single-crystal Si layer 503 is 1° o'^^'!: 
iL^-.g^. th'e etching amourj of the -9^^^ 
layer 503 is about a few tens of A and practcally negi- 

10F shows the SOI wafer oW^ined by tt^e 
abJe stis. This SOI wafer has the O.l-pm th* «n- 
SSySt layer 503 on the SiO, layer 504. The fflm 
SSS^of ttS Singled Si layer 503 w« 

one hundred points over the entire sudace and 
found to be 101 nm ± 3 nm. i^.^or ner- 

:^^:;s:^to^St^:^t^-«onthe 

"^so. after the above 

5S!lSi^ti^ that high crystaiunity was m^n- 
"^"ttepossibfetoformanSiOefilmonth single^- 



described abcr/e. on the surface ^ 
505 or on both. In any of these cases, resuns. 
♦hoee described above were obtained. 
, ' PurLe.even.Kena2.^^-g^^^^ 

" r^^^r^olTaferSuS ^ lo^t ^ 
strate. a "tne heat treatment in 

above fabncabon steps. " . tempera- 

hydrogen atmosphere -^P^^^ 
ture of t .000-C or 'ess - orde^^revent ^^^^^^^ 

gle^rystal S. ^^J^^^^ S^icients of the 



25 In examples 7 and 8 aescnoea 

porous 5* t^^^V?"" . • sputtering, and 

area and hence can be readily selectively etcnea. 

(a) hydrdluorfcac«^ 

(b) so ution mixture preparea oyauu y . 
y alcohol and hydrogen peraxxle to hydrofhionc 

acid 

JSS::^^eothydrd.uoricacid.n«ricadd. 

"SSt the other fabrication steps^ 
Omitedtotheconditionsintheat^^'e^-^ 
so other various conditions can be used. 
TV, present invention can reduce contami.«fcnrf 
wafeJ^bypartidesandmakewaferprocessingunrform. 
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-me present iwention is rot limitad tc 1^.e sbc^e 
embodiments and various changes and modifications 
can be made within the spirit and scop of the present 
invention. Theretore. to apprise the public of the scope 
of the present invention the following claims are made. 

An ultrasonic bath (30) is airanged below a wafer 
processing bath (10). Wafers (40) are processed while 
ultrasonic waves are transmitted from the ultrasonic 
bath (30) to the wafer processing bath (10). The wafers 
(40) are processed while being entirely dipped into the 
wa4r processing bath (10) and rotated by wafer rotatng 
rods (53). 

Claims 



TO 



J5 



1 A wafer processing apparatus (100) for processing 
a wafer by dipping the wafer into a processing solu- 
tion, characterized by comprising: 

a processing bath (10) having a depth that 
allows to completely dip the wafer into the 
processing solution: 

wafer rotating means (50 - 59) for rotating one 
or a plurality of vrafers held by a wafer holder 
(41) by using a virarfer rotating member (50) 
which rotates about a shaft (52) shifted from a 
portion immediately below a barycenter of the 
one or plurality of wafers; and 
ultrasonic generating means (30 • 32) for gen- 
erating ultrasonic waves in said processing 
bath (10). 

2. The apparatus according to claim 1 . characterized 
in that only said wafer rotating member (50) is 
airanged as a member for transmitting a rotating 
force to the wafer below the one or plurality of 
wafers held by said wafer holder (41 ). 
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. T^.eaoparaus according to dain. 3. charac^en^e^^ 
in that a section of said rod memoer (53) taken 
along said shaft (52) has a substantialiy sine-wave 
shape (53b). 

,. The apparatus according to daim3^ characterize 
in that a section of sad red member (^) taken 
along said shaft (52) has a substantially full-wave 
recSfying shape (53c). 

9 The apparatus according to daim 1 or 2. ch^^ter- 
ized in that said wafer rotating means (50 - 59) fvff- 
ther comorises driving fores generating mears (55) 
ananged' outside said ^"^''■•^^f ('O)" ^ J 
driving force transmission means (55. 57. 58) for 
transmitting a driving force generated by said dnv- 
ing force generating means (59) to said *«fer rotat- 
ing member (50) and rotating said wafer rotatng 
member (50). 

ia The apparatus according to daim 9. c^iaracterized 
by further comprising a dividing niember 01) 
dividing an interior of said processing bath (10) into 
a processing wafer side and a side of said dnvmg 
force transmission means (55. 57. 58). 
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3, The apparatus according to claim 1 or 2. chararter- 
aed in that said wafer rotating member (50) com- 
prises at least one rod member (53) substantially 
parallel to said shaft (52). and said rod member (53) 
rotates about said shaft (52). 

4 The apparatus according to daim 3. characterized 
in that said rod member (53) has a diameter much 

smaUer than a diameter of a cylinder virtually 

formed upon rotation of said rod member (53) about 

said shaft (52). 

5 The apparatus according to daim 3. characterized 
in that said rod member (53) has a groove (53a; 
53b; 53c) which engages with a peripheral portion 
of the wafer. 

6. The apparatus according to daim 5. characterized 
in that the groove (53a) has a V shape. 



11 The apparatus according to daim 9 or 10. charac- 
terized in that said driving force transmission 
means (55. 57. 58) transmits the driving force g^ 
erated by said driving force generating means (59) 
through a crank mechanism (55, 57). 

12. The aoparatus according to daim 1 or 2. diaracter- 
ized in that said processing bath (10) compnsw a 

35 drculating medianism (20. 21 ) having an overflow 
bath (20). 

13. The apparatus according to daim 12. characterized 
in that said drculating mechanism (20. 21) com- 

40 prises contamination redudng means (20. 21b) for 
redudng contamination of the wafer by partides. 



14. The apparatus according to daim 13. characterized 
in that said contamination reducing means com- 

4s prises 

a filter (20). 

15. The apparatus according to daim 13. characterized 
in that said contamination redudng means com- 
prises means (21c) for adjusting flow of. the 

50 processing solution in said processing bath (10). 

16. The apparatus according to daim 1 « 2, chaiarter- 
ized in that said ultrasonic generating means (?0 - 
32) comprises an uttiasonic bath (30) and an utoa- 

55 sonic source (31). and said processing bath (10) 
receives ultrasonic waves through an ultrasonic 
transmitting mecSum set in said ultrasonic bath (30). 
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Tne acparotL's according to claim 1 cr 2. character- 
ized by further ccn^rising driving means (32) for 
changir^ a relative positional relatior^hip between 
said ultrasonic source (31) and a water to be proc- 
essed. 



18. The apparatus according to claim 17. charactenzed 
in that said driving means (32) nx)ves said ultra- 
sonic source (31) within said ultrasonic bath (30). 

19. The apparatus according to claim 1 or 2. character- 
ized in that at least portions oi constituent members 
of said processing bath (10) and said wafer rotating 
means (50 - 59) which may come into contact wrth 
the processing solution are made of one material 
selected from the group consisting of quartz and 
plastic 

20. The apparatus according to daim 1 or 2. character- 
ized in that at least portions of constituent members 
of said processing bath (10) and said wafer rotating 
means (50 • 59) which may come into contact with 
the processing solution are made of one material 
selected from the group consisting of a fluorine 
resin, vinyl chloride, polyethylene, polypropylene, 
polybutyleneterephthalate (PBT). and poly- 
etheretherketone (PEEK). 



26. 
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21. A wafer processing method of processing a wafer 
while uhrasonic waves are supplied, charactenzed 
by comprising: 

procsssing the wafer while entrely dipping the 
wafer into a processing solution and rotating 
the wafer. 

22. A wafer processing method of processing a wafer 
while ultrasonic waves are supplied, characterized 
by comprising: 

processing the wafer while entirely dipping the 
wafa- into a processing solution, and rotating 
and vertically moving the wafer. 

23. A wafer processing method of processing a wafer 
while ultrasonic waves are supplied, characterized 
by comprising: 

processing the wafer while entirely dipping the 
wafer into a processing solution and changing 
a position of an ultrasonic source (31). 

24. The method according to any one of claims 21 to 
23. characterized in that the wafer is cleaned using 
a wafer cleaning solution as the processing solu- 
tion. 

25. The method according to any one of claims 21 to 



characterized in that the wafer is etched using a 
wa'fer etching solution as the processing solution. 

The method according to any one of claims 21 to 
23. characterized in that a porous silicon layer (502) 
of a wafer having said porous silicon layer (502) ts 
etched using a porous silicon etching solution as 
the processing solution. 

27 The method according to any one of claims 21 to 
23. characterized in that a porous silicon layer (502) 
of a wrafer having said porous silicon layer (502) is 
etched using, as the processing solution, any one 
cf 

(a) hydrofluoric add. 

(b) solution mixture prepared by adding at least 
one of alcohol and hydrogen peroxide to 
hydrofluoric add. 

(c) buffered hydrofluoric acid. 

(d) solution mixture prepared by adding at least 
one of alcohol and hydrogen peroxide to buff- 
ered hydrofluoric add. and 

(e) solution mixture of hydrofluoric add. nitric 
add. and acetic add. 

28. A semiconductor substrate fabrication method 
characterized by comprising: 

the steo of forming a non porous layer (503. 
504) on a porous layer (502) formed on a sur- 
face of a first substrate (501); 
the step of bonding a first substrate side (501 - 
504) of a prospective structure and a second 
substrate (505) prepared separately to sand- 
wich said non porous layer (503, 504) between 
the first substrate side and said second sub- 
strate; 

the removal step of renxjving said first suCk 
strate (501) from the bonded structure to 
expose said porous layer (502) on a second 
substrate side (503 - 505) thereof; and 
the etching step of etching said porous layer 
(502) whfle the second substrate side (503 - 
505) on which said porous layer (502) is 
exposed is completely dipped into an etching 
solution, and ultrasonic waves are supplied, 
thereby expo&ng surface of the second sut>- 
strale side (503 - 505). 

the etching step rotating the second substrate 
side (503 - 505). 
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29. A serrnconductor substrate fabrication method 
characterized by comprising: 

the step of forming a non porous layer (503. 
504) on a porous layer (502) formed on a sur- 
face of a first substrate (501); 
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the siep of bonding a first substrate side (501 - 
504) cf a prospective structure and a second 
substrate (505) prepared separately to sand- 
wich said non porous layer (503. 504) between 
the first si±>strate side and said second sub- 
strate; 

the removal step of removing said first sub- 
strate (501) from the bonded structure to 
expose said porous layer (502) on a second 
substrate side (503 • 505) thereof: and 
the etching step cf etching said porous layer 
(502) while the second substrate side (503 - 
505) on which said porous layer (502) is 
e:cpcsed is ccr::pletely dipped into an etching 
solution, and ultrasonic waves are supplied, 
thereby exposing surface of the second sub- 
strate side (503 - 505). 

the etching step rotating and vertically moving 
the second substrate side (503 - 505). 

30, A semiconductor substrate fabrication method 
characterized by conprising: 

the step of forming a non porous layer (503. 
504) on a porous layer (502) formed on a sur- 
face of a first substrate (501); 
the step of bending a first substrate side (501 - 

504) of a prospective structure and a second 
substrate (505) prepared separately to sand- 
wich said non porous layer (503, 504) between 
the first substrate side and said second sub- 
strate; 

the removal step of removing said first sub- 
strate (501) from the bonded structure to 
expose said porous layer (502) on a second 
substrate side (503 - 505) thereof; and 
the etching step of etching said porous layer 
(502) while the second substrate side (503 - 

505) on which said porous layer (502) is 
exposed is completely dipped into an etching 
solution, and ultrasonic waves are supplied, 
thereby exposing surface of the second sub- 
strate side (503 - 505), 

the etching step changing a position of an ultra- 
sonic source (31). 

31. The method according to any one of daims 28 to 
30. characterized in that the etching solution used 
in the etching step is any one of 



(e) sclution mixture cf hydrcfiuoric add, nitric 
acid, and acetic acid. 

32. The method according to any one of claims 28 to 
5 30. characterized in that the removal step com- 

prises exposing said porous layer (502) by grinding, 
polishing, or etching said first substrate (501) from 
abacksurfaca 

TO 33. The method according to any one of dairns 28 to 
30. characterized in that the removal step com- 
prises separating the first substrate side (501) and 
the second substrate side (503 - 505) at a boundary 
d said porous layer. 

15 

34. The method according to any one of claims 28 to 
30, ct^aracterized in that said non porous layer is a 
single-crystai silicon layer (503). 

20 35, The method according to any one of daims 28 to 
30. characterized in that said non porous layer is 
made up cf a single-crystai silicon layer (503) and a 
silicon oxide layer (504) formed on said single-crys- 
tal silicon layer. 

25 

36. The method according to any one of daims 28 to 
30. characterized in that said non porous layer 
(503) is a conrpound semiconductor layer. 

30 37. The method according to any one of claims 28 to 
30, characterized in that said second substrate 
(505) is a silicon substrate. 

38, The method according to any one of dainra 28 to 
35 30. characterized in that said secor«i sutsstrate 
(505) is a silicon substrate having a silicon oxide 
f am (504) formed on a surface to be bonded to the 
first substrate side (501 - 504). 

40 39. The method according to any one of daims 28 to 
30. characterized in that said second substrate 
(505) is a light-transmitting sutjstrate. 
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(a) hydrofluoric add, 

(b) solution rrtixture prepared by adding at least 
one of alcohol and hydrogen peroxide to 
hydrdtuoric add. 

(c) buffered hydrofluoric acid. 55 

(d) solution mbdure prepared by adding at least 
one cf alcohd and hydrogen peroxide to buff- 
ered hydrofluoric acid, and 
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FIG. 6B 
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